Introduction
Industrialization and urbanization have promoted socio-economic development. This has, however, led to variety of environmental problems in urban areas, including contamination by polycyclic aromatic hydrocarbons (PAHs) via various pathways [1] . Airborne PAHs, either in gas or particle phases, are found to have a direct impact on human health [2] . PAHs are resistant to degradation and bio-accumulate through the food chain, thus they also may pose threat to human health over a long period. Considering the high toxicities of PAHs, it is necessary to study the concentrations, profiles and sources of PAHs in the particulate matter (PM). PAHs come from two main sources. Natural PAHs are mainly from volcanic eruptions and natural fires. Anthropogenic PAHs are mostly generated during the combustion of carbonaceous materials such as coals, gasoline and diesel [3] . Previous studies suggested that PAH concentrations increased significantly in the urban PM parts since the 1990s [4] - [7] .
Beijing, the capital city of China, located in the Northern China, is a fast developing city with over 1000 years
Sample Analysis
All the organic solvents were high performance liquid chromatography (HPLC) grade, purchased from Fisher (Fair Lawn, NJ, USA). 'Superclean' silica gel solid phase extraction columns (6 mL, 500 mg) were purchased from Supelco Inc. (Bellefonte, PA, USA). The standard with 16 PAHs (EPAM-610, 1 mL, 0.1 mg/mL in 1: 1 methanol: dichloromethane) and the 2D-labelled surrogate standards (EPA M-525-IS, 1 mL, 2.0 mg/mL in acetone), which included acenaphthylene-d10, chrysene-d12, perylene-d12 and phenanthrene-d10, were purchased from Accustandard Inc. (CT, USA). The extraction method was as follows. Prior to ultrasonic extraction with n-hexane and dichloromethane (1: 1, v/v), the samples were spiked with 2D-labelled surrogate standards. The extracts were completely dried in a rotary evaporator and subsequently dissolved in 10 mL of hexane. Then, samples were drawn through the activated column through the clean column by gravity. Then, dichloromethane was used to elude the PAHs for three times (6 mL each time). The eluents was concentrated to 0.5 mL under a gentle nitrogen gas flow before being injected into the GC-MS.
PAHs were quantified on a Varian 350 gas chromatography coupled with Varian 240 mass spectrometer with electron impact ion (EI) source. Helium was chosen as carrier gas with a constant flow of 1.0 mL/min. The extract was injected into the injector with splitless mode, and separated on a DB-5MS fused silica capillary column. The electron emission energy was set at 70 eV. The source and ion trap temperature was set at 280˚C and 220˚C, respectively. The oven temperature programs were as follows: started at 50˚C retaining for 2 min, first ramped to 200˚C at speed of 10˚C/min, second ramped to 260˚C at 2˚C/min, and finally ramped to 260˚C at 5˚C/min, kept for 4 min.
Quality Control
Analytical methods were checked for the precision and accuracy. All the samples were analyzed three times to obtain the average level. Replicate analyses gave an error between ±15%. The recoveries were checked by analyzing soil and needles samples spiked with known amounts of labeled PAHs. The average recoveries of surrogates were 73.8% (acenaphthylene-d10), 92.5% (chrysene-d12, perylene-d12) and 83.2 (phenanthrene-d10). The spiked test showed the recoveries of 16 PAHs were from 60.2% to 114.3% with the RSD from 5.6% to 15.4%.
Data Analysis
The measured data was processed by SPSS 18.0 and excel software. 
Results and Discussion

Seasonal Variations of PAHs in PM Samples
As shown in Figure 1 and Table 2 , for PM 10 samples, the concentrations of phenanthrene (PA), pyrene (Pyr), Figure 1 . Seasonal variation of PAHs in PM 10 and PM 2.5 . The same letter means no significant difference among the sub-groups. , benzo(a)anthracene (BaA) and acenaphthylene (AcPy) were much higher in winter than in other seasons (p < 0.05), whereas the concentration of naphthalene (Nap) was higher in summer than in other seasons. Concentrations of fluorene (Flu) and benzo (g,h,i) perylene (BghiP) were higher in spring and winter than those in summer and autumn. In addition, no significant seasonal trends of anthracene (Ant) were found. For PM 2.5 samples, the concentrations of PA, Pyr, IND, FL, DBA, CHR, BkF, BghiP, BbF, BaP, BaA were much higher in winter than in other seasons (p < 0.05). Similar to that in PM 10 , the concentration of Nap in PM 2.5 was also higher in summer than in other seasons. Otherwise, the concentrations of Flu, Ant, acenaphthene (Acp) and AcPy did not show significant seasonal variations (Figure 1 and Table 2 ).
Source Apportionment of PAHs
Principal Component Analysis (PCA)
Results of PCA give four and five significant PCs (eigenvalues > 1), which explains 83.1% of the variation for PM 2.5 data (43.5%, 17.1%, 14.8% and 7.8%, respectively) and 85.4% of the variation for PM 10 data (43.6%, 18.2%, 9.7%, 7.6% and 6.3%, respectively). As shown in Table 3 , four or five factors of PAH congeners can be observed, corresponding to the different carbon rings, from di-to six cyclic-rings molecular.
Ratio Analysis Methods
According to previous opinion [12] , both PAHs of PM 2.5 and PM 10 in winter mainly originated from fossil fuels burning based on the ratio of Ant/(Ant + Phe) < 0.3, while in other three seasons, Ant/(Ant + Phe) > 0.3, implying PAHs were possibly from biomass fuel combustion (Table 4) . Pankow [13] thought that PAHs originate from combustion source at BaA/(BaA + Chr) > 0.35，mainly from oil at < 0.2, and from both at 0.2 -0.35. Ac- cording to this, PAHs of PM 10 in autumn and winter, together with PAHs of PM 2.5 in autumn were sourced from both combustion and oil, while PAHs of PM 10 in summer and spring, together with PAHs of PM 2.5 in summer, winter and spring were from combustion. PAHs in both PM 10 and PM 2.5 were from coal combustion based on BaP/BghiP of 0.9 -6.6 in all seasons except autumn, when the BaP/BghiP ratio was even less than 0.3 -0.44, a traffic source range [14] . Based on the opinion of Kavouras et al. [15] , the Fla/(Fla + Pyr) of PM 10 and PM 2.5 in this study is around to 0.4, representing for oil source in spring and winter. In addition, IcdP is a marker of diesel combustion and could tell the type of vehicle fuel [14] . IcdP/BghiP value near 0.22 implies PAHs sourced from gasoline combustion, 0.50 from diesel and 1.30 from kerosene. In this study, PAHs in autumn is between 0.22 to 0.50, implying mixed sources of gasoline and diesel. While in winter, IcdP/BghiP value is much higher than 1.30, implying other PAHs sources involved, which agrees with fossil fuels combustion source in winter.
Conclusion
In this study, individual PAHs concentrations in PM samples at an urban roadside site in Beijing were analyzed through seasons. The results show that the inputs of potentially toxic contaminants increased because of rapid economic development. Seasonal variations of PAHs compounds indicated 68.7% individual species of PAHs concentrations in winter were higher than those in other seasons. In contrast, Nap concentrations in both PM 10 and PM 2.5 were highest in summer, but the source is uncertain. In addition, four and five significant factors were identified to influence the variations of PAHs concentration in PM 10 and PM 2.5 , respectively.
